R. W. GLASER in this manner the disease, when it appeared in the stock, could be best controlled.
Each season the infection appeared after the second moult, and the number of cases increased progressively in those cultures in which it was impossible to stamp out the disease, probably on account of early mass infection. All cultures were examined daily and as soon as a worm appeared to be acting in an unusual manner or as soon as one died, it was immediately removed and the entire culture was transferred to a fresh sterile container and given fresh food. Diseased and dead worms soil the food and jars to such an extent that constant vigilance is necessary in order to hold the number of cases in check, and in some of those cultures in which only one or two cases appeared, during the early part of the season, it was -possible to eradicate the disease entirely. In other cultures where more worms died, especially when older, it was noticed that a number of individuals survived, pupated and produced moths capable of laying fertile eggs.
For the experiments to be described, third and fourth stage worms were always chosen. These were taken from cultures in which no disease had appeared up to the date. when used, or from cultures in which only one or two cases had been found early in the season. Since the micro6rganism which causes the disease invades the circulation during the later stages of the disease, sterility tests were made on the blood. Negative bacterial cultures were considered only as evidence that no microorganisms had as yet gained entrance into the body cavity, but when taken in conjunction with the state of health of the stock from which these worms were derived, the conclusion was justified that the worms were normal. By the use of controls it was found that this form of reasoning proved correct.
In a series of infection experiments a third or fourth stage worm was inserted into each of a number of sterile 6-ounce, wide-mouthed bottles. One or two fresh mulberry leaves were then taken for each bottle, placed in a sterile Petri dish and covered with a sterile distilled water suspension of a twentyfour hour agar slant culture of the organism studied. The excess liquid was then drained off and the leaves partly dried by placing them between two pieces of sterile filter paper. The leaves were then inserted into the bottles and were readily eaten. After the infected leaves were consumed, the worms received normal mulberry leaves daily until they died.
II. GENERAL DESCRIPTION OF DISEASED LIVING AND DEAD WORMS
The infection has been observed to occur after the second moult of the worms and up to the time when transformation to the adult stage is first taking place within the pupal envelope. During the early stages of metamorphosis, many individuals succumb and soil the cocoons, thus ruining the silk. The worms give so little warning that it is difficult to detect diseased individuals, especially when they are kept in stock batches. All worms may appear perfectly healthy during the evening, but an examination the next morning will reveal a number of dead. In the experimental bottles it has been possible to observe the general external aspect of the affection more closely, but even here it is sometimes difficult to determine the state of health of a particular worm. Nevertheless, we may characterize a number of external features apparent during the last stages of the disease.
The symptoms usually appear from two to five days after artifical infection has occurred, death ensuing either. on the same day or the day following. The first indications of disease are loss of appetite and listlessness, often accompanied by the passage of soft, moist feces. When in this condition, it is onlya question of a few hours to a day until death occurs. The worm becomes progressively more inactive, and soon dies hanging by the prolegs in a flaccid condition from a leaf or from the side of the bottle, or it may often be found dead at the bottom. When first dead, and while the tissues within are still in a more or less organized condition, the color of the worm is white, changing to a yellowish hue a little later. While in this condition, the worm can be handled without rupturing its skin. If put on ice immediately after death, further progress of the disintegrative changes may be arrested for twenty-four hours or more.
If left at the normal temperature, however, the color of the worm soon changes to a light brown and later to a dark brown. This is the final stage of disintegration and at this time the organs and tissues of the worm are in a state of complete disorganization and dissolution. It is now extremely difficult to pick the worm up without rupturing the skin. If the skin ruptures naturally or on handling, a dark brown, odorless liquid will ooze out. This liquid and the moist feces passed during the stages prior to death are full of the disease-producing organisms.
When dead but a short while, the worms have no odor. A1-though the microorganism concerned with the disease is a proteolytic form, an odor of putrefaction was never noticed around the worms nor in any of the culture media used. Naturally, after the worm has been dead a while, and other bacteria have multiplied, the worms smell like other decomposing animal material.
In so far as can be determined, the course of the disease and the postmortem changes of the experimentally infected worms are identical with the picture obtained in the spontaneous stock cases.
III. HISTOPATHOLOGY
Three fourth stage worms were chosen from 3 separate cultures in which no disease had appeared, and 3 in the same stage were taken from 3 separate cultures in which only one or two spontaneous deaths had occurred early during the season, eradication of the disease in these cultures seeming probable. Blood cultures from these 6 worms remained sterile and the organism in question was not recovered from the feces. The worms were then killed, each one cut into thirds, the parts-fixed, and sections cut from each third.
A study of the sections of the 6 worms did not reveal any bacteria whatever in the fore, mid or hind gut, nor in any of the tissues. The various organs and tissues also appeared perfectly normal (plate 1, fig. 1 ).
A number of fourth stage worms were experimentally infected with the bacillus to be described later. This micro-organism was isolated in pure culture from the blood of a living stock animal in the last stages of disease. Later bacteriological work demonstrated that it was identical with isolations from other cases. Some of the worms were fixed every twenty-four hours after infection and sections cut in order to study the progress of the disease. Symptoms began to appear in three or four days, death ensuing the day after the appearance of symptoms in the case of nos. 7 and 8. The others were fixed prior to death; nos. 7 and 8 after death. Blood cultures and cultures from the feces were uniformly positive as soon as the sypmtoms were pronounced.
A study of the sectioned material gave the following results: The results of the first set of experiments performed on 6 healthy third stage worms were as follows: Symptoms appeared between two and five days with death ensuing on the same or the following day. The diseased living worms and the dead individuals had the, same appearance externally and internally as the diseased living and dead stock worms. The causative organism was again isolated from the fluid of each of the dead individuals; as a matter of fact, it was the dominant form.
The expenrment outlined above was repeated on 6 healthy third stage worms with a strain derived from the blood of a living stock animal in the last stage of disease. Symptoms in the experimental ahimals appeared between two and four days with death ensuing on the same or the following day. The diseased living worms and the dead individuals had the same appearance externally and internally as the diseased living Twelve control animals accompanied the 12 experimental cases. These controls all lived and transformed into-moths. Table 1 gives the results of an experiment with 10 fourth stage worms infected with a strain from a worm that died in the stock.
In this experiment the blood of some, the blood and tissues of others, and the tissues alone of a third set were studied from a bacteriological and histopathological viewpoint. The table is self-explanatory and also verifies the more detailed study previously described under section III. The worms that were simply bled might have lived long enough to die naturally of the disease, but in the 5 cases recorded on table 1, so much blood was used for the tests that it was thought best to kill the animals.
Ten fourth stage control worms were treated in exactly the same manner as the above individuals. No symptoms developed, the cultures from the blood were unifornly negative, no bacteria were found in the gut nor in the tissues, and the various tissues appeared normal. By taking only enough blood for the necessary tests, an effort was made to save those worms that were simply bled. All animals so handled reached maturity.
In section I it was stated that in stock cultures in which many individuals died and where infection of the healthy was unavoidable some, nevertheless, survived and transformed into moths, indicating individual differences in resistance. Why then does one ordinarily obtain a 100 per cent mortality in the experimental infections? This difference is probably due to the dose. The stock animals may become naturally infected one or a number of times, but the number of micro6rganisms must be far below that in the experimental infections described. Naturally infected worms are able to overcome or suppress the propagation of smaller initial doses of the parasite.
A description of the type characters that were constant for the different strains isolated from experimental or spontaneous cases of disease follows: Gram-negative bacillus. Twenty-four hour bouillon culture, bacillary forms dominant (plate 2, fig. 3 ). Twenty-four hour agar culture, bacillary and coccoid forms. Five day old agar slants, coccoidal formsdominant (plate 2, fig. 4 ). Size in length from twenty-four hour bouillon culture, 0.5 to 1.5,u; from nutrient agar 24 hours, 0.25 to 0.75,u. Table 2 gives the maximum acidity and change in acidity as well as the amount of gas development, in seventy-two hours, produced by the bacillus grown in bouillon containing 1 per cent of various carbohydrates. JOURNAL o0 sACzRIOLOOy, VOL. IX, NO. 4 During the course of the work 12 strains were isolated from spontaneous stock cases. These 12 isolations were fully studied morphologically, culturally and physiologically, and tallied except for insignificant variations in regard to changes in the hydrogen potential in sugar bouillon. With 7 of these isolations disease was produced; the remaining 5 were simply studied as above stated. The bacillus does not produce any gas in fermented bouillon, showing that the gas obtained in some sugars is formed through the hydrolysis of the sugars and not from the proteins. Moreover, absorption tests with NaOH demonstrated that the gas formed was almost entirely CO2. After this was removed only a small bubble remained in the closed arm of a Smith fermentation tube. In this respect, the behavior of the bacillus discussed reminds one very much of the activities of certain yeasts.2 2In the matter of CO2 production the organism also slightly resembles B.
cloacae. The latter organism, however, has the gas ratio 1(tin contradisto the gaatoote ognsmwihs1(H) C tinction to the gas ratio of the silkworm organism which is 1 (00,)
. It is often claimed that Pasteur proved that "Flacherie" is transmitted from generation to generation through the egg. Pasteur's work showed that p6brine, -a microsporidian disease of the worms, could be transmitted by the moths to the succeeding generation. The term "Flacherie.' is used to designate what we now suspect to be a diseased condition of silkworms, caused by a considerable group of bacteria which chance to enter the alimentary system. "Flacherie" is also entirely distinct from the polyhedral affection called "jaundice, " "grasserie, " or "gelbsucht. " "Jaundice" has often been confused with "Flacherie" and also with "p6brine." Some reliable evidence exists to show that "jaundice" is also probably transmitted through the egg.
On reviewing Pasteur's3 orginal work on "Flacherie," however, one is certainly not impressed with the fact that any evidence exists which proves that bacteria pass through the eggs of silkworms. Later workers in this subject have not been able to show any reasons for abandoning this point of view.
The decision as to whether the disease discussed in this article may be grouped under the "Flacherie"-like affections or not had best be "pigeon-holed " for the present. However, we are here dealing with a bacterial malady having the same external aspect as "Flacherie" and originating in the alimentary tract. On account of this close relationship, it was thought well to determine, if possible, whether the bacillus described could be found on the exterior or in the interior of eggs laid by the female silkworm moths. The eggs used for the experiments were taken from stock cultures in which many worms had died and in which mass infection seemed certain. A few of the individuals in these cultures survived, however, and laid fertile eggs. If the bacillus enters the eggs it should be possible to find the organism. If the bacillus does not enter the eggs it may, nevertheless, survive on the surface of the chorion for all eggs taken were soiled with the dried juices of worms that died of disease in the identical trays in which certain early moths had first deposited.
To deternine these points, eggs four months old were used. Six eggs were crushed in each of two nutrient broth tubes without subjecting them to any previous treatment. Twelve eggs were submerged for five min9utes in 80 per cent alcohol and 6 received the same treatment for ten minutes. They were then washed in sterile distilled water and transferred to bouillon in which they were crushed. Twelve eggs were submerged for two minutes in 5 per cent phenol and 6 eggs received the same treatment for five minutes. This was followed as before by the water washing, after which the eggs were crushed in bouillon. Six eggs were treated for two minutes in a solution composed of one-half by volume of 1:1000 dilution of HgCl2 plus one-half by volume of 95 per cent alcohol, and 12 eggs received the same treatment for five minutes. This was again followed by washing in water and crushing in nutrient bouillon. All tubes were then incubated for seventy-two hours.
The disease-producing bacillus was not recovered either from the exterior or from the interior of the eggs. One of the tests with 80 per cent alcohol yielded a growth, but the bacillus in question was not found. The broth tubes in which the eggs were crushed without the previous sterilization of the exterior yielded growths, but subsequent work involving a study of four organisms recovered did not demonstrate the presence of the disease producing bacillus.
In connection with the general subject of the resistance of the bacterium to its environment,_ it might be instructive to outline one more experiment performed. Four stock tubes, representing 4 strains of the bacillus, were sealed with sealing wax and placed on ice for three months (October 15 to January 18) without transferring to fresh media. On January 18, the cultures were removed from the ice and subinoculations made into fresh media. These tranferawere incubated for seventy-two hours. In only 1 slant out of the 4 did a growth appear. The other 3 remained sterile.
The experiments with the silkworm eggs as well as the one just described seem to show that the micro6rganism is not very resistant towards the detrimental effects of its surroundings.
Vl. SUMMARY A bacterial disease which rapidly assumed epidemic proportions appeared among the author's silkworm cultures. This disease was investigated and the methods used for its study and control described. The external appearance of diseased living and dead worms is described and an account of the histopathology of the malady is given. A bacillus was isolated from the feces, blood and various tissues of diseased living and dead worms. Etiological studies demonstrated that the bacillus is the causative agent. The investigations showed that dying and dead worms infect the food of normal silkworms by. means of the feces and body fluids. The normal worms ingest the bacilli with the food. After multiplying in the alimentary tract, the bacteria penetrate into the circulation and into the organs, producing certain changes and rapidly causing complete histolysis of all the tissues. Symptoms appear in two to five days after experimental infection, death ensuing on the same day or the day following. Notwithstanding the. great pathogenicity of the microorganism, close observations on all the silkworm stock cultures showed that a form of resistance towards the disease exists among some individuals.
A detailed bacteriological study was made of all micro6rganisms isolated from experimental and spontaneous cases. Out of 12 isolations made from .spontaneous cases, the disease was reproduced with 7. The 5 remaining strains were not tested as to their pathogenicity, but were carefully studied culturally and biochemically. All of these isolations agreed in the morphological, cultural, and biochemical characters studied within the limits of reasonable slight variations.
Some evidence is advanced to show that the disease-producing bacillus is not transmitted from generation to generation through the egg. It is further shown that the bacillus is probably not R. W. GLASER very resistant to its environment and does not survive for any great length of time on the exterior of the eggs.
The possible relation of this disease to the "Flacherie"-like affections of silkworms is mentioned and its distinctness from p6brine, muscardine, and the polyhedral disease, also termed "jaundice," "gelbsucht," or "grasserie" is emphasized. 
